Introduction
Microbial infection is acquired as a result of the existence and proliferation of microorganisms. 1 The ability of microorganisms to grow in food, pharmaceutical and cosmetic products has been identified for many years and it has been the subject of debates for years. From the infectious point of view, the existence of pathogenic microbes in pharmaceutical and food products makes them hazardous and would objectionable. 2 The microbial infections can also alter the physicochemical and biological properties of active ingredients or even change them into toxic materials. 3 Some diseases such as diarrhea, acute gastroenteritis and abdominal pain are consequence of microbial toxin. Nevertheless depending on the individual sensitivity to toxin, symptoms are different from mild distress to stomach death. 4 Many technologies have been developed in food and pharmaceutical microbiology laboratories in the recent century to sensitive, precise, and quick microbial detection. Generally, rapid methods include some forms of automation to obtain data of quantity and quality of microbes present in the sample. [5] [6] [7] [8] Although, it is important to know that sometimes the word "rapid" is used to define the range of techniques employed. Indeed, some of the new methods do not provide a more rapid result compared with traditional methods. They present a more accurate, precise, or detailed result and therefore the term "alternative" is better to use for them. 5 Applying rapid methods would help companies for saving time and cost. To better and faster control of raw materials and final products, rapid microbiological methods are essential. These rapid methodologies can also offer a better reactivity throughout the manufacturing procedure. Due to the inexpensivity and simplicity of the traditional techniques, they are still widely used in different microbiological experiments. However, these methods involve incubation time between 2 to 7 days for product (in liquid or solid culture media) before the final result of microbial contamination. The long incubation time that is necessary here is mainly attributable to the fact that harassed microorganisms found in complex environment of pharmaceutical and food products need several days to grow to visible colonies to be detected. Additionally, in specific situations like sterility testing, this incubation period can be increased up to 14 days for the release of pharmaceutical formulations. Therefore, the major problem in traditional process is the length of time taken to get microbiological results. The pharmaceutical and medical industry has also benefited from rapid techniques. Introduction of rapid microbiological methods in medical areas occurred from mid-1960s and then accelerated in the 1970s and has continued to grow up to now. 7, 9 Choosing the best and optimal method is difficult and sometimes expensive because of several different technologies available on the market. This review provides information on developments in the rapid methods in microbiology. The main focus is on the pharmaceutical products. However, general information of article is common between pharmaceutical, food and cosmetic industries.
Sampling processes
Routine microbiological test is a vital part of analysis of any product in which microorganisms can survive and grow. Indeed, microbiological tests are significant process to determine the safety and quality of these products. One of the most important steps for this purpose is sampling process. Sample collection is the original stage of a process whereby data on the characteristics of a batch are collected for evaluation. Practically, only a fraction of the batch is sampled for testing; and therefore, that fraction must be representative of the batch under consideration. Since the fate of the batch depends upon the results generated from that first sample, sample selection must be regarded as a critical process. 10 Appropriate sampling process is necessary to confirm that manufacturing control mechanisms are effective. The main purpose of the sample preparation procedures is to diminish growth or death of the microorganisms exists in the product. 5, 7, 9, 11 However, in microbiological sampling, microorganisms may not necessarily be randomly distributed throughout the whole batch or product and random sampling scheme should not therefore work there. Sampling schemes employed in microbial quality control are based on an analysis of susceptible points in a system, known as hazard analysis and control of critical points (HACCP). The seven principles of HACCP are listed in Figure 1 . 10, 12 Microbiological samples can be categorized in four groups including solid samples, liquid samples, surface samples, and air samples.
Liquid samples
Liquid samples of foods (like water, fruit juices, milk, coffee, teas), liquid pharmaceuticals (like syrups, aqueous preparations, suspensions and emulsions), liquid cosmetic products (like shampoos and liquid soaps) can be categorized in this group. As we know, preparation of liquid samples is easier than solid samples. After collection of sample and its transportation to laboratory site, appropriate mixing to obtain a homogenous mix is required. This can be done by vigorous hand shaking or by instrument. Then, aseptically dilution process by a sterile diluent (a known volume of liquid sample and a desired volume of sterile diluent) should be performed. 7, 13 The addition of a surfactant such as lecithin or polysorbate 80 in the diluent may also aid to reach a homogenous sample. 
Solid samples
Solid foods (like fruits, vegetables, bread, and meat), solid pharmaceutical dosage forms (like tablets, capsules) and solid cosmetic products (like solid bathroom products) belong to this category. Solid pharmaceutical dosage forms are disposed to microbial spoilage or degradation. There are some common processes for preparing of solid samples including aseptic techniques to collect sample, rapid transportation of samples (less than 24 h) to laboratory site and aseptically removal of the subsamples. Dilution in a proper sterile diluent is the next stage that can be operated in 1:10, 1:25, 1:50, and so on. Further dilutions can be done as necessary. After dilution, the sample should be homogenized by a diversity of methods such as homogenizers or blenders. The addition of surfactant and use of heat can be also used in aseptic condition. After homogenization stage, the sample is ready to analyze. 7, 9 Environmental samples Surface sample The detection microbial flora on the surfaces of foods, pharmaceuticals, cosmetic products or their environments are performed by taking surface samples. 14 The main conventional method for surface sampling is swap method. A sterile moisten swab (often cotton) is needed to mild collection of microbes from the surface. 15, 16 Then, the swab is placed into a diluent (with known volume), shaken and then plated on an agar plate. Using a sterile knife, especially for food products or soft tissues, is another method for surface sampling. It is assume that all the organisms are on the surface and the product itself is sterile. 7, 9 Using of adhesive tapes, sterile gauges and sterile sponge is also possible for surface sampling. A main adhesive tape method named "Handsfree, Pop-up" developed by Fung and coworkers. 17 In
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Advanced Pharmaceutical Bulletin, 2016, 6(3), 301-308 this method, a tape unit is placed on the wrist of an analyst, while both hands are free to operate other experimental procedures. 7, 9, 17 For surface sampling, the analyst should decide on the appropriate unit to report the results of sampling. These results can be reported based on number of bacteria per inch square, per cm square, or other units. The shape of the sample unit is also important for surface sampling. In order to easier sampling, a sterile template can be useful. Rarely, some analysts use unfamiliar shapes for surface sampling which calculation and quantification of these unfamiliar shape areas will be complex. 9 
Air samples
Since air can play a main role as a reservoir for microorganisms, then monitoring of manufacturing environments of products is necessary. Because of recent concerns about environmental air pollution and public health there is also a rapid need to check and control of microbes and their toxins in the air. 18 There are two main monitoring methods in air sampling: passive and active. 19 The most common passive method for air sampling is using of air plates (without lid) which are standard "Petri dishes" containing culture media. The plates are exposed to the air for a determined time in order to obtain biological particles. It can be taken for 10 minutes, 30 minutes, or four hours. Then, the plate is covered and incubated for counting of colonies. The air quality is considered unacceptable if the colony numbers exceed a certain value. The information of passive method is not too quantitative. Results of passive monitoring are reported in Colony Forming Units (CFU)/plate/time or in CFU/m 2 /hour. 7, 9, 18, 19 Active monitoring method can be performed using an air suction sampler for drawing of air through or by a particle collection device. The device can be a liquid or a solid culture media or a nitrocellulose membrane. The result of quantity is presented in CFU/m 3 of air. However, active monitoring methods are applicable in low concentration of microorganisms for example in clean rooms and controlled-environment hospitals. 7, 9, 18, 19 Enumeration methods Counting the number of living organisms exist in the pharmaceutical and food products is very important as an indicator of product microbial quality. Colony Forming Unit (CFU) stands for the number of microbial colonies. Numerous methods have been developed and applied for total viable cell count so far. "Standard Plate Count" has been used as a main and the most conventional method in applied microbiology for many years. In this method, after the preparation and dilution stages, the sample is mixed with a general agar media, incubated (at 35 °C or 25 °C) and then the colonies is counted after 48 h. 7, 9, 20 There are some shortcomings for this methodology despite of its simple and easy operation. This process is time-consuming and also employs a massive amount of culture media and large number of sterile test materials (such as tubes, pipettes, sterile plates) as well as large incubation spaces. Cleaning of the reusable glass wares and re-sterilizing them is also needed. [19] [20] [21] Some efforts have been done for semi automation and easiness of the standard method such as mechanical spreading of the sample on the surface of a preformed agar plate, 21 application of membranes to trap microorganisms and then standard plate culture 22 and the methods based on nutrient stored in films or strips. 7, 9 These methods have been developed as alternatives for performing viable cell counting in pharmaceutical industry. Most Probable Number (MPN) system (often the three or five tube) has been applied as one of the most common procedures in this context for more than one century 23 especially in food industries. As standard plate method, MPN system also has been endured to automation. A mechanized and automated system was presented in 2007 for operation of viable cell count process. It was a hands-off 16 tube system for operation of MPN procedure and then was applied in pharmaceutical and food laboratories around the world. 7, 9, 24 Some methods based on real-time viable cell counting have been tried during the recent years. These real time tests are based on using "vital" stains to stain "live" cells to count fluorescing viable cells under microscope which are really rapid techniques. A viable cell count can be done by the eye or by an automated system in less than an hour. In Direct Epifluorescent Filter Techniques (DFET) the viable microbial cells (contain predominantly RNA) are stained red with acridine orange while non-viable cells (contain predominantly DNA) stain green. The main disadvantage of this method is that RNA may be stable in preservative or heatdamaged cells and then stain red even in non-viable cells. 6 A modified DEFT method named the microcolony technique (DEFT-MEM) method reported by Newby in 1991. In the modified process, at first cells filtered via a membrane, then incubated to produce micro-colonies and finally stained and counted. 25 Nakajima et al tested fluorescent staining method for assessment of microbial quality of herbal medicines using 6-carboxyfluorescein diacetate (6CFDA) and 4,6-diamidino-2-phenylindole (DAPI). The results were compared with conventional colony count method. Their results showed that with the conventional colony count method most of physiologically active bacteria could not detect in the medical samples. They concluded that 6CFDA-DAPI double staining method can be used for daily bacteriological quality control because of its simplicity and short time (<1 h) for staining and enumeration. 26 Other technique in this area is ATP detection of live cells that trapped in special membranes. Presence of somatic ATP in food products, produce some difficulties in microbial detection of food samples. However, this method is valuable in pharmaceutical and cosmetics. ATP detection methods can provide viable cell counts in about one to four hours. 7 Generally, the level of ATP is detected using the amount of light emitted during the enzymatic reaction (bioluminescence process) by ATP detection devices. 27 In the field of rapid microorganism's detection, ATP bioluminescence based on luciferine/luciferase reaction has shown great interest. Indeed, adenosine triphosphate (ATP) is found in all living organisms and is an excellent marker for viability and cellular contamination (Figure 2) . Detection of ATP through ATP-luminescence technology is therefore a method of choice to replace traditional method and significantly shorten time to detection without losing reliability.
28-31

Figure 2. ATP bioluminescence based on luciferine/luciferase reaction
Impedance microbiology is a main branch of rapid methodologies that is useable for qualitative and quantitative tracing of microorganisms by measuring the change in the electrical conductivity. There are two type of impedance technology: direct and indirect. The alteration in the conductivity of a liquid culture medium act as a measuring parameter in a direct impedance technology, while in an indirect type, the alteration in the electrical conductivity of a reaction solution is measured. 8, 11 Connolly et al studied three rapid microbiological methods including impedance, DEFT 
Diagnostic methods
Different diagnostic systems in pharmaceutical microbiology have been used to obtain reliable results in as short as time. Systems such as miniaturized diagnostic kits, ELISA tests, immuno-magnetic separation (IMS), and Polymerase Chain Reaction (PCR), microarray and biochip technologies have been widely used during the recent years as diagnostic systems with ability to handle several isolates at the same time. 7, 9, 14, 32, 33 Miniaturized systems are mainly developed to reduce the volume of reagents and media for microbiological tests. Basically, a miniaturized system is composed of sterilized Microtiter plates, a multiple inoculation device and containers to house solid media and liquid media. Using diagnostic kits leads to rapid and accurate identification due to saving many lives pathogens. In a diagnostic kit, the color reaction of each well is read and then via a manual identification code the organism is identified (key-out). In the recent years, automatic readers are also developed to rapid and accurate detection of the unknown cultures. 34 Cox et al and also Fung et al evaluated comparative analysis of diagnostic kits and selection criteria for miniaturized systems. According to their research, miniaturized systems are cheap, accurate and efficient systems. These methods are also labor-saving and space-saving methods compare to conventional methods. There are some marketed miniaturized systems including enterics (Salmonella, Shigella, Proteus, Enterobacter) and non-fermentors, anaerobes, gram positives and even yeasts and molds. 7, 9, 34 Immunological tests based on antigen and antibody reaction has been used for years to detect microorganisms in medical and pharmaceutical microbiology. ELISA test is the most common immunological method. For ELISA tests the overnight incubation is necessary to obtain a detectable level of the target organism. This method is the main procedure for detecting bacteria such as Salmonella, Escherichia coli and Listeria monocytogenes. In recent years, some entirely automated ELISA systems have been developed that can perform a test from 45 minutes to 2 hours (after overnight incubation time). 7, 9, [34] [35] [36] Polymerase Chain Reaction (PCR) has been used to detect microorganisms (for example Salmonella) by amplification of the target DNA and detecting the target PCR products. PCR products can be detected by gel electrophoresis, fluorescent probes, special dyes or molecular beacon. In some PCR based systems screening of 4 different targets in the same sample can be performed which is known as multiplexing process. 9, 37, 38 Real-time quantitative PCR is a rapid methodology for sensitive and reliable quantifying of | 305
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Advanced Pharmaceutical Bulletin, 2016, 6(3), 301-308 DNA, and then it can be used for accurate detection of microorganisms. This procedure provides accurate detection of nucleic acids in a mixture even for nucleic acids with a low concentration of starting amount. Our group used the RT-PCR method for microbial determination of the amikacin with the test organism of S. aureus. The results showed that the utilized RT-PCR method was accurate and precise in whole concentration range while the hand turbidimetric method showed precision at all of the used concentration, but accuracy only in middle and low concentrations. RT-PCR method can be used as a precise and accurate method for detection and quantification of amikacin. However, we found some problems for RT-PCR method comparing with turbidimetric method. It is an indirect method for detection of amikacin. It is also a complex method that involves expensive equipments, as well as very laborintensive procedures. 39 In another research Multiplex PCR method was applied by our team as an rapid method to control the microbial quality of pharmaceutical products. 40 The authors reported to develop a Multiplex PCR assay for simultaneous detection and identification of four indicator pathogenic bacteria of Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa and Salmonella, in a single reaction. Specific primers for the indicator bacteria were reported to apply, and the sensitivity and specificity of each primer pairs were determined. In the mPCR with mixed DNA samples, specific bands for corresponding bacteria were simultaneously detected. Low levels of microbial contamination less than 10 cfu per milliliter or gram of product were detected using mPCR assay. The detection of all four indicator pathogenic bacteria were completed in less than 8 h with this novel mPCR method, whereas the conventional United States Pharmacopeia methods for completion. Using mPCR assay, the microbial quality control of nonsterile pharmaceutical products can be performed in a costeffective and timely manner in pharmaceutical industry. Furthermore multiplex PCR method was applied by our group in several studies to rapidly identify the entrococci in clinical, dairy and poultry samples. [41] [42] [43] [44] In IMS systems, paramagnetic beads are coated with a variety of molecules (like antibodies, antigens and DNA) to capture target cells (like E. coli O157, Listeria). Then, the beads are plated on agar. This method can also combine with ELISA test or PCR procedures. Such combinations can decrease incubation time and also increase sensitivity of the total process. 9, 45, 46 A biosensor is an analytical device, used for the detection of an analyte that combines a biological component with a physicochemical detector. 47 Another rapid method to detect bacteria, based on analysis of their fatty acids membrane, has been applied. Phospholipid fatty acid analysis (PLFA) has been used to characterize and monitor broad changes in the "living" soil microbiota for more than 30 years. The Sherlock MIS is a commercially-available system that can be used for both microbial ID and PLFA. This MIS software includes many tools including Peak Categorization, Library Generation (LGS), Principal Component Analysis (PCA), and Electronic Records & Signatures (ERS). 49, 50 Advantages and some shortcomings of the discussed methods are gathered in Table 1 .
Conclusion
The field of rapid microbial detection and automation has been converted to essential area in pharmaceutical, cosmetics, clinical and food industries. The use of miniaturized systems, bioluminescence processes, biosensors, etc. allows for extensive developments in the microorganism detection. The ease of use and the flexibility of these methods leads to significant savings in labor and time compared to the conventional methods. Rapid method in microbiology should continue to grow as a valuable tool for pharmaceutical, food and clinical applications. The type and number of microbiological rapid tests will rise in the future because of the ever-increasing concerns on food and pharmaceuticals safety as well as public health. The future of rapid methodologies and automation in microbiology will be so hopeful and optimistic due to the great budding in many exciting new advanced procedures. The field of biochips and microarrays for microbial detection in pharmaceutical is a potential area but more attention is needed to make this technology more applicable in microbiology. This field can be more important in the genomics area that involve large amount of data to produce valuable information.
Definitely, developments in pharmaceutical microbiological areas will be clearer and more recognized in the near future.
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Multiplex PCR (as diagnostic method) Pharmaceutical products Ability to determine low levels of microbial contamination less than 10 cfu per milliliter or gram of product. The microbial quality control of nonsterile pharmaceutical products can be performed in a cost-effective and timely manner in pharmaceutical industry.
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Multiplex PCR (as diagnostic method) Clinical, dairy and poultry samples Rapidly identify the entrococci in clinical, dairy and poultry samples [41] [42] [43] [44] 
